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(54) Sample carrier for flameless 
atomic-absorption and emission 
spectroscopy 

(57) The sample carrier consists of 
expanded graphite cold-rolled or 
cold-pressed at high pressure. It is 
preferably made by deep-drawing 
from commercially available 
graphite foil. The sample carrier 
may be coated with pyrolytic 
graphite after forming to seal the 
surface and provide additional 
mechanical strength. 

In order to avoid damage to the 
foil during the deep-drawing 
process the graphite foil may be 
prior coated with a stabilising film 
comprising a soluble deformable 
polymer material. This material is 
preferably volatile at the preheating 
temperatures applied to the sample 
holder prior to the coating with 
pyrolytic graphite as this eliminates 
the necessity for a separate step to 
remove the film. 
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SPECIFICATION 

Sample carrier for flam less at mi -absorp- 
tion and atomic-emission spectroscopy and 
5 method of manufacturing the same 

The invention relates to a sample carrier for 
flameless atomic-absorption and atomic-emis- 
sion spectroscopy (AAS/AES) and to a 

10 method of manufacturing the same. 

In flameless AAS and AES with electro- 
thermal atomisation a cuvette, in most cases a 
graphite tube, is employed which has a dou- 
ble function. On the one hand it serves as a 

1 5 holder of the sample and on the other hand it 
serves as a resistance element i.e. as a fur- 
nace for the electric heating. The sample to be 
analysed is, in general, dissolved and at the 
beginning of the analysis a few jxl of this 

20 solution are injected into an opening (filling 
opening) in the side of the cuvette. Then in 
accordance with a given temperature-time pro- 
gramme the cuvette is heated to different 
temperatures up to the atomizing temperature, 

25 which may attain 3000X depending on the 
element assumed to be present, and subse- 
quently cooled. 

The following effects, which adversely affect 
the performance and the result of the analysis, 

30 may occur in the direct injection of the sample 
solution into the tube. Residues of a sample 
may be retained due to the penetration of 
sample substance into the cuvette wall. Under 
given conditions these residues affect the re- 

35 suit of further analysis carried out with the 
cuvette (so-called memory effect). Due to wett- 
ing processes some of the sample may spread 
along greater and more remote regions of the 
cuvette inner wall and thus get lost for the 

40 analysis. There is always a certain interaction 
between the sample and the cuvette wall, 
which finally reduces the lifetime of the cu- 
vette. 

A technique of sample introduction in which 

45 a direct contact between sample substance 
and the cuvette wall is avoided is known from 
Spectrochim. Acta 35B (1980) 701. This is 
achieved by using small, separate containers 
which are Introduced in the cuvette. Such 

50 containers, when used as sample carriers, are 
termed "platforms", "inserts" or "sample 
holders". Heating of the sample carriers pre- 
ferably occurs by radiation from the cuvette 
wall and to a lesser extent also by heat 

55 conduction. In view of the extremely high 
temperature of up to 3200* K used in AAS/- 
AES, the sample carriers hav to be made 
from correspondingly temperature-resistant 
materials. On the other hand the tim taken to 

60 raise the temperature of th sampl to th 
required temperature should be as short as 
possible. This implies the requirement that the 
mass of the sample carrier should be as small 
as possible commensurate with m chanical 

65 stability. A further n cessity for making the 



sampl carrier as small (flat) as possible re- 
sults from the fact that th carrier introduced 
into the cuvett should bstruct th measur- 
ing radiation or affect it in some other way to 
70 the minimum possible extent. 

The volumes of the sample to be inserted 
are typically — in accordance with the sys- 
tem — from a few fi\ up to about 100/tl. The 
sample to be analysed can, as usual, be 
75 injected into the sample carrier which is al- 
ready arranged in place or the sample carrier 
may be filled outside the cuvette and subse- 
quently be introduced into the cuvette operat- 
ing as the atomizing device. The latter can not 
80 be avoided when the sample is not dissolved 
in an acid or in another solvent, but it is to be 
introduced directly as a solid (for example, a 
metal or a mineral, glass or stone splitter, 
organic solid, animal tissue part, etc.). The 
85 solid samples usually have irregular shapes in 
volumes of about one up to a few mm 3 . These 
irregular shapes and volumes mean that an 
introduction through the usually very narrow 
dosing aperture (diameter of about 1 .5 to 2.0 
90 mms) is not possible. For the solid sample 
dosing technique with separate filling and 
subsequent introduction into the atomizing 
device, professionally termed "solid sampl- 
ing" or "solid state sampling" the sample 
95 carrier cannot be dispensed with. 

In "solid sampling" the function of the 
sample carrier comes down in many cases, in 
which the sample substance does not pass, 
for example during heating, through a low 

100 viscous liquid or fluid melting phase, to fixa- 
tion or localisation of the sample of the cu- 
vette. It is then possible to make the sample 
holder in the form of a very flat container 
having a useful volume of a few mm 3 to about 

105 100 mm 3 so that the radiation can pass quite 
unhindered through the cuvette. 

The sample carriers provided by some 
manufacturers consist of highly pure electro- 
graphite, which are machined into the desired 

110 shape — for example, the shape of flat, rectan- 
gular plates 1 mm thick and for example, of a 
size of about 5x1 2mm with a mass of about 
80 to 100mg having a milled, tub-shaped 
depression of, for example, 0.5mm deep. 

1 1 5 These sample carriers involve stringent re- 
quirements in manufacture, working and fin- 
ish and are, therefor, relatively expensive. 
Moreover, they have the disadvantage of a 
relatively high terminal inertia. 

1 20 It is an object of the invention to enable the 
provision of sample carriers (inserts, plat- 
forms) which have adequate performance and 
which can be manufactured in a v ry simple 
manner at low cost. 

1 25 The invention provides a sample carri r for 
flameless atomic absorption or atomic emis- 
sion spectroscopy characteris d in that the 
sample carrier is made from expanded graph- 
ite cold-roll d r cold-pr ssed at a high pres- 

130 sure. 
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The sample carri r may consist of graphite 
foil. In this cas th starting mat rial is a 
commercially available graphite foil, which is 
offered by various manufacturers ("Papyex" 
5 of le Carbone Lorraine, "Sigraflex" of Sigri. 
"Grafoil" of Union Carbide) in sfightiy differ- 
ing qualities and in different sizes. All above- 
mentioned products are made from pure 
graphite without additive by rolling expanded 

1 0 graphite flakes at a high pressure* The foils 
and tapes, which can be obtained with widths 
of up to 50cm and in lengths of up to 50mm, 
have a very smooth surface. The available 
thicknesses lie between about 0.1 and 

1 5 0.35mm. The most conspicious properties are 
the relatively low densities of about 1 .0 
g/cm 3 and the anisotropy resulting from the 
fact that owing to their layer structure the 
graphite particles preferentially direct them- 

20 selves parallel to the rolling direction under 
the influence of the rolling pressure. 

According to statements from the manufac- 
turers these graphite foils are particularly suit- 
able for corrosion-resistant, heat-resistant stu- 

25 ffing box packing and seals, but also as 
furnace coatings and heat-protecting screens 
(in non-oxidizing atmospheres). 

It has now been established that graphite 
foils of the kind described can be deformed in 

30 the cold state, without disturbance of the 
internal structure, up to a degree which is 
sufficient for the manufacture of small con- 
tainers like the sample carrier. In particular 
deep-drawing has been found to be a particu- 

35 larly appropriate method of manufacturing 
sample carriers which satisfy all requirements 
both by their general properties and by the 
obtainable useful volume. 
A disadvantage of the foils is their low 

40 mechanical rigidity and their resultant sensitiv- 
ity to damage in handling. Also, the foils are 
in their normal state chemically fairly active, 
particularly at higher temperatures. This can 
be accounted for by the fact that the reactive, 

45 lattice-plane sides of the rolled graphite par- 
ticles of the foils represent a high number of 
active centres, both at the surface and in the 
volume which is readily accessible due to the 
high porosity. 

50 In the case of sample carriers made from 
foils, in which said reactivity is not expressly 
desired, for example as a reduction means for 
oxides, it is advantageous to coat the sample 
carrier at least partly with pyrolytic graphite, 

55 after the deep drawing process. Thus, three 
desirable features are obtained: 

1 . By heating to a depositi n temp rature 
of about 2300*K in vacuo (pr ssure of 10" 3 
mbar or lower) degasification f the r lativ ly 

60 larg pore volume of about 56% and purifia- 
tion by evap ration of any of the impurities, 
which become volatile under these conditions 
will occur. 

2. The coating of pyr lytic graphite has 
65 the effect of a chemical passivation of th foil 



surface and seals the inn r p r volume as a 
strongly diffusion-inhibiting barri r. 

3. Th nvelope of pyrolytic graphite me- 
chanically reinforces the basic foil, which thus 
70 becomes readily handleable and insensitive to 
damage. 

In deep-drawing the graphite foils, serving 
as starting material, cracks may occur when 
the degree of deformation exceeds a given 

75 upper limit. A further difficulty occurs when 
the stamper (matrix) has sharp edges as, for 
example, in the case of tub-like depressions of 
the sample carrier. In this case cracks, in 
particular at corners, bends and sides, are 

80 difficult to avoid. 

It has been found that damage-free defor- 
mation of the graphite foils, even where 
sharp-edged profiles are required is possible 
when the graphite foil is provided with a 

85 stabilizing surface film. This may be achieved 
by covering the surface with a thin plastics 
foil. In the case of the graphite tapes prefera- 
bly used for the manufacture of the sample 
carriers (characteristic dimensions: 20mm 

90 wide, 0.2 to 0.3mm thick, length up to 50m) 
for example self-adhesive tape is quite suit- 
able. It is surprising to find how much the 
impressibility of the graphite tape can be 
improved by an adhesive tape on one side or 

95 on both sides. In coating with pyrolytic graph- 
ite subsequent to the stamping or deep-draw- 
ing process in the heating phase (up to 
2100*C in vacuo) the applied tape is substan- 
tially removed by depolymerisation and evapo* 

100 ration. 

In an alternative method the stabilizing film 
is applied by impregnating the graphite foil in 
a solution of a polymer substance. Impregna- 
tion with aqueous solutions of polyvinyl alco- 

105 hol (PVA) and also aqueous solutions of (mo- 
dified) methylcellulose appeared to be particu- 
larly suitable. Even a single immersion into a 
concentrated or a saturated aqueous solution 
of said kind enables the pressing of a sample 

1 1 0 carrier boat without cracks or other damage. 
The impregnation can be repeated several 
times with intermediate drying. The film of 
PVA or methylcellulose usBd for the pressing 
operation only is also removed in the heating 

115 phase prior to coating with pyrolytic graphite. 
A further advantage of the intermediate 
stabilisation by means of a film of polymer 
substances resides in that the tensile strength 
and hence the handleability of the preferably 

120 tape-shaped graphite foils are markedly im- 
proved. The latter is very important for coat- 
ing tape in a continuous process. 

The invention provides the advantage that 
by cold rolling expanded graphite at high 

125 pr ssure or by deep-drawing commercially 
availabl graphit foils sample carriers us d in 
AAS and AES — in particular for the so-called 
solid state sampling — can be manufactured in 
a particularly simpl manner at low cost. In 

1 30 particular the m thod can be continuously 
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carried out since the raw material is obtaina- 
ble in practically ndless tapes (up to 50m). 
In principle, two types of sample carriers can 
be made: a. the uncoated, deep-drawn form, 
5 b. the form afterwards coated with pyrolytic 
graphite. 

Form a) is mechanically less stable and is 
more likely to be damaged. Chemically, how- 
ever, it is moderately reactive and it can have 

10 a useful reducing effect on a plurality of 
substances at higher temperatures. 

Form b) is mechanically stronger and hence 
more readily handleable and h is less likely to 
be damaged. Compared with form a) it is 

1 5 chemically passive. Moreover, penetration of 
sample substances into the porous basic ma- 
terial is blocked. 

The two forms have in common a very low 
thermal inertia. Owing to the small cost of 

20 manufacture the question of re-usability is 
insignificant (disposable carrier). 

The deep-drawing method provides a ra- 
tional manufacture at low cost, as compared 
with other methods such as turning, milling 

25 and sawing, for sample carriers of very small 
size from graphite foil. The sample carriers 
can be used directly or after being coated with 
a protective layer of pyrolytic graphite. The 
plastic formability of the foils is limited so that 

30 the formed body often shows damage, for 
example, holes and cracks. When these de- 
fects are slight, they can, in general, be 
covered (sealed) by the pyrolytic coating. The 
sensitivity to damage is considerably reduced 

35 when the graphite foil is provided, prior to 
deformation, with a stabilizing film of a sol- 
uble, deformable polymer material which be- 
comes volatile at higher temperatures (when 
necessary in vacuo). 

40 Embodiments of the invention will now be 
described, by way of example, with reference 
to the accompanying drawings, in which: — 

Figure 1 shows a sectional view of a sample 
carrier having a part spherical depression, 

45 Figure 2 is a perspective view of a boat- 
shaped sample carrier. 

Figure 2a is a sectional view of the sample 
carrier of Fig. 2 taken on the line A-A', and 
Figure 2b is a sectional view of the sample 

50 carrier of Fig. 2 taken on the line B-B'. 

Example 1. 

Graphite foils in the form of tapes of 20 
and 25mm wide 0.2 and 0.3mm thick, 

55 lengths up to 1 5m (make Papyex N of Le 
Carbone Lorraine) were employed as a starting 
material for de p-drawing at room tempera- 
ture. In pressing part spherical depressions in 
the form of ball caps (Fig, 1) it was found that 

60 no damage of the foil structure occurr d when 
the ratio between deformation depth t and cap 
diameter D did not exceed the valu 
t/D = 0.1. At values high r than 0.1 cracks 
or ruptures usually occur. Sampl carriers 

65 with such part spherical depressions with dia- 



meters of 5, 9 and 1 1mm were made. These 
diameters c rr spond to associat d deforma- 
tion d pths of 0.5, 0.9 and 1.0 to 1.1mm: 
the depression depths h of the depressions 
70 required for calculating the "useful volumes" 
follow from 

h = t - 8(8 = foil thickness). 

75 For the above-indicated values useful volumes 
of the sample carriers of V n = 3mm 3 , 22m 3 
and 38mm 3 were calculated. By means of a 
simple deep-drawing device sample carriers 
with part spherical depressions were very ra- 

80 pidly and very reproducibly made to volumes 
of v n = 10mm 3 and 20mm 3 . The weights of 
such sample carriers are about 20 to 35mg. 

Sealing of the sample carriers was carried 
out by known methods of hot-gas pyrolysis. 

85 The thickness of the applied pyrographite 
coatings can be varied according to require- 
ments within wide limits and is preferably 
between 1 and lOOjum. 

90 Example 2. 

A tape-shaped graphite foil having a width 
of 20mm and a thickness of 0.2mm was 
dipped once at room temperature (20°C) into 
a saturated, aqueous solution of PVA and 

95 dried. By assessing the weight, the thickness 
of the resultant surface film was found to be 
about 2fim. This film thickness is sufficient for 
crack-free stamping of a tub-like depression of 
3mm wide and 0.5mm deep with sharp edges 

100 (R = 0.5mm), wherein R is the inner radius of 
curvature of the edges concerned. By several 
repetitions of the immersion PVA films (coat- 
ings) of 20 to 30/im were obtained. 
By dipping ten times into a saturation solu- 

105 tion of methylcellulose layers of 45/im thick- 
ness were produced. In subsequent coating by 
the CVD method at 2000X in C 3 H 8 at a 
pressure of 2.0mbar for one hour the "boat" 
of Fig. 2 was covered by a dense, corrosion- 

1 1 0 resistant layer of pyrolytic graphite. This sam- 
ple carrier then has a weight of about 30mg. 

CLAIMS 

1 . A sample carrier for flameless atomic 

1 1 5 absorption and atomic emission spectroscopy, 
characterised in that the sample carrier is 
made from expanded graphite cold-rolled or 
cold-pressed at a high pressure. 

2. A sample carrier as claimed in Claim 1 , 
1 20 characterised in that it is made from graphite 

foil. 

3. A sample carrier as claimed in Claim 2, 
characterisd in that it is made fr m deep- 
drawn graphite foil. 

1 25 4. A sample carrier as claimed in Claim 2 
and 3, charact rised in that it is coated at 
least partly with pyrolytic graphit . 

5. A method of manufacturing a sample 
carrier or flam I ss atomic absorption and 

130 atomic mission sp ctr scopy comprising cold 
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rolling or cold pressing expanded graphit at 
high pressur . 

6. A method as claimed in Claim 5, in 
which the exanded graphite is in the form of 

5 graphite foil and in which prior to pressing or 
rolling the graphite foil is provided with a 
stabilising film on the surfaces to be de- 
formed, 

7. A method as claimed in Claim 6, in 
10 which the stabilising film is a soluble, defor- 

mable polymer material which is volatile at 
temperatures below 2100'C. 

8. A method as claimed in Claim 6 or 
Claim 7, in which the stabilising film is an 

1 5 adhesive tape which is applied to the surfaces 
of the foil to be deformed. 

9. A method as claimed in Claim 6 or 
Claim 7, in which the stabilising film is ap- 
plied to the foil by immersing the foil in a 

20 solution of the polymer material. 

10. A method as claimed in any of Claims 
5 to 9, in which the formed expanded graph- 
ite is coated over at least part of its surface 
with pyrolytic graphite. 

25 11. A sample carrier for flameless atomic 
absorption or atomic emission spectroscopy 
substantially as described herein with refer- 
ence to the accompanying drawings. 

12. A method of manufacturing a sample 

30 carrier for flameless atomic absorption or 
atomic emission spectroscopy substantially as 
described herein with reference to the accom- 
panying drawings. 
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